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ABSTRACT

Recent studies have shown that neuronal survival and neurite

regeneration in central nervous system(CNS) is associated

with glial cells, due to the release of trophic factors by
the glial cells or due to their extra-cellular matrix(ECM).
This Study will examine whether "glial islands"(aggregates
of Miiller glial cells and their ECM) support the survival

and regeneration of neurites from chick embryo retinal
neurons. Primary dissociated cultures of 8-day chick embryo
retinal cells on untreated 35 mm tissue culture dishes were

examined using immunochemistry to identify the underlying
cells of the "glial islands". Specific antibodies were used

to identify Miiller glial cells, fibroblast cells, neurons,
and components of the ECM, such as laminin, fibronectin, and

collagen. Phase-contrast and scanning electron
microscopy(SEM) were used to examine the neuronal survival
and the pattern of neurite extension on untreated tissue
culture dishes as well as on substrates such as laminin,

salt-precipitated collagen, and polylysine. Monoclonal anti
vimentin mouse anti-human IgG(specific for Miiller glial
cells) stained the underlying Miiller glia on the "glial
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islands" at 28 day in vitro(DIV). Monoclonal anti-laminin
mouse anti-human IgG gave smooth staining of the whole

"glial islands". In contrast monoclonal anti-collagen(IV)
mouse anti-calf IgG, monoclonal anti-fibronectin mouse anti-

goat IgG, and polyclonal anti-fibronectin goat anti-human

IgG did not stain the"glial islands". Monoclonal anti-MAP-5
mouse anti-goat IgG gave specific staining of the neurons.
Addition of monoclonal anti-collagen, monoclonal anti
laminin, and monoclonal anti-fibronectin antibodies to

cultures of 8-day-old chick embryo retinal cells on day one
of the culture, resulted in inhibition of neuritogenesis.

This study has shown that retinal neurons of 8-day-old chick
embryo regenerate neurites on "glial islands". It was shown
that the underlying cells of the "glial islands" are Muller
glial cells and not fibroblast cells. Laminin was shown to

be a major component of the Muller glial ECM in enhancing
the neuritogenesis of the retinal neurons. Further studies ,
are suggested to examine the roles of collagen and

fibronectin in neurite regeneration in chick embryo retinal
neurons.
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INTRODUCTION

In order to introduce effective treatment for diseases

that result from the degeneration of central nervous

system(CNS) neurons, a better understanding of the
conditions and factors that promote or prevent neuronal
survival and neurite outgrowth is crucial. The
identification of the most effective substrates that can

support the regeneration of the CNS neurons has been the

subject of intense investigation during the last fifteen

years. What is presently known and agreed on is that
neuronal survival and neurite regeneration in CNS is
associated with the glial cells(4)(5)(7)(8).
The neural retina is a thin layer(<300 yum), with a

variety of neuronal cell types packed into it(Figure 1). The
vertebrate retina consists of five major classes of neurons:

receptor cells, bipolar cells, horizontal cells, amacrine
cells, and ganglion cells. Receptor cells(both types; rods
and cones) synapse directly onto a class of interneurons
called bipolar cells. The bipolar interneurons connect

receptor cells to ganglion cells(1)(2)(3). The ganglion
cells are the projection neurons of the retina. They relay
visual information to the CNS by projecting to the lateral

geniculate nucleus and the superior colliculus as well as to
brain stem nuclei. Two classes of interneurons, horizontal

and amacrine cells, modulate flow of information from

receptor to bipolar to ganglion cells. Horizontal cells
mediate lateral interactions between receptor and bipolar
cells. The amacrine cells mediate lateral interactions

between bipolar cells and ganglion cells. The cell bodies of
these five classes of neurons are found in three layers: 1)

the outer nuclear layer(receptor cells), 2) the inner
nuclear layer(bipolar, horizontal and amacrine), and 3) the

ganglion cell layer(ganglion). The processes of these five
classes of neurons interact in two distinct synaptic layers:

The outer plexiform layer(receptors, bipolar and horizontal)

and the inner plexiform layer(bipolar, amacrine, and
ganglion cells). The ganglion cells are the only retinal
cells that are capable of conducting action
potentials(1)(2)(3). Retinal ganglion cells(RGC), while they

are proceeding through the retina toward the optic nerve
head, are unmyelinated. Once in the optic nerve, the axons
become associated with oligodendrocytes and acquire a myelin
sheath. The neural retina contains only one type of glial
cell, the Miiller cell. The Miiller cells of the retina have a

watery cytoplasm, an ability to store glyGogen and have a
tendency to form foot processes at interfaces. Ihe stack of
these processes are referred to as Inner limiting membrane.
At the level of junction between the cell bodies and inner

segments of the photoreceptor, the processes of the Miiller
cells are joined to one another and to the adjacent

photoreceptors. The line of this junction is referred to as
the outer limiting membrane. The junctions can provide
structural support to this part of retina.
Recent studies have concentrated on the effect of

Schwann cells(SC) and their extra cellular matrix(ECM) on

the regeneration and survival of the CNS neurons. Kleitman
et al.(4) investigated mechanisms by which rat retinal
neurons interact with SC surfaces. It was observed that.

embryonic rat retinal explants extend neurites on SC
surfaces. Antibodies to molecules thought to be present on

SC surface(such as laminin and the 217c antigen), on retinal
neurite surface(THYl.1), or on both surfaces(Ll) were tested

for their capabilities to inhibit the neurite outgrowth . It
was found that only antibodies to Ll, the mutual molecule,
were effective in inhibiting the retinal neurite outgrowth
on SCi This inhibition was shown to be dose dependent, and

at high titers, neurite outgrowth was inhibited 95%. This
inhibition indicated that binding Li mglecules is a Grucial
part of the mechanism by which SC supports neurite outgrowth
. in. retinal neurons. , .

In a recent article by Kleitman et al.(5), it is

explained that substratum, neuronal age and nonneuronal
cells all have definitive effects on neurite growth in cell

cultures. In regards to age dependent growth, this group
showed that neurite growth from sympathetic ganglia that

were removed from prenatal rats starts earlier and

progresses faster than neurites from postnatal ganglia,
under the same condition. Also with chick embryos, as the

embryonic age of the chick sensory ganglion neurons
increases, the total axon and the number of growth cones and

branch points increases for equal periods. In regards to

substratum, it was explained that collagen, laminin, and SC
generated ECM all promote neurite outgrowth, but to
different extends, depending on the cell type and the age of
the neuron. For example Bray et al.(6), showed that

:

embryonic chick sensory neurons extended processes on glass
or collagen, but when plated on laminin, their total axon

1ength, growth cone and branch points increased two and one
..
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half, three,and four fold respectively. In the case of rat
sensory and sympathetic neurites, growth was in the range of

two-fold greater on SC and/or their ECM than on collagen but
not as much on laminin.

The ^role of peripheral nerve ECM in CNS regeneration
has been examined in another publication by Kleitman et
al.(7). It is interesting to note that in their study they
found that ECM promoted CNS neurite outgrowth depending on

the type of the CNS neuron. Embryonic rat cortex, locus
coeruleus, and olfactory bulb extended neurites onto
isolated ECM, but retinal explants did not. On laminin(a

component of ECM), it was interesting to note that an
extensive migration of nonneuronal cells preceded neurite

outgrowth which indicates that neurite elongation may be
attributed to nonneuronal cell surfaces rather than laminin

substrate.

There also have been many studies on the effects of the
Muller glial cells on the regeneration of CNS neurons. One
of the most important studies on this issue is a study on

the effect of glia cells on the survival of neonatal rat RGC
by Raja and Bennett(8). Their work showed that conditioned

media prepared from retinal Muller cells of neonatal rat

supported neonatal rat RGC, whereas conditioned media

prepared from cultured cortical or superior collicular
astrocytes did not. Eighty percent of RGe survived: after i

day in vitro(DIV) in Muller conditioned media(Goncentratiph
dependent). Raju and Bennett(9) specula:ted that the support
provided by retinal Muller glia to neonatal RGC(<6d old) is
mediated thrQugh soluble factors produced by retinal Miiller

glia. This factor may have a crucial role in maintaining RGC
in cultured embryonic explants, but its effect is marginal
in maintaining 6 day and older RGGs. Eighty percent of 6 day
RGCs survived in culture medium that was supplemented with

superior collicular extract(target tissue). Raju and Bennett
concluded that glial factors were not sufficient to prevent
cell death. The identity of molecules secreted by Muller

cells which support the survival and neurite extension of
neonatal rat RGC is not known. In identifying the supporting

components of substrates produced by Muller glia, they refer
to laminin that was produced by Muller glia in cultures and
enhanced neurite extension from rat neonatal RGCs. In

another study by Bovolenta and

Mason(9), electron

microscope(EM) analysis of identified horseradish

peroxidase(HRP) labeled axonal growth cones in the optic
■ ■ ■ ■'
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nerve from rat retirial gahglion cells showed intimate
connections between growth cones and glia cells, as well as

other growth cones and neurites in the form of invaginating
contacts. Growth cones in the optic nerve contacted immature

glial cells. In this study, all of the ten growth cones

analyzed in the optic nerve were either growing completely

apposed to immature glial cells or contacted them somewhere
along their length,'and also developed bundles of neurites.
Observation in the EM showed this contact as being an '

insertion of a small protrusion of cytoplasm by glial cells

into an expanded portion of the growth cone. This study
showed that glial cells have a great effect on growth cone
formation.

The identity of the soluble factor produced by glial
eel1s has been the issue of studies by Collins et al.{10),

who purified a protein, glial-line derived neurotrophic
factor(GDNF) at Synergen in 1993. This protein supports the
survival in cell cultures of the dopaminergic neurons that
are affected in Parkinson's disease. Experiments in rats and

mice suggest that GDNF can stimulate surviving neurons to
extend neurites to replace the ones from lost neurons.

Tompson et al.(11,12,13) have identified several
substrates that have inducing effects on the survival and
neurite outgrowth of chick embryo retinal neurons. These
substrates are collagen, laminin and polylysine. These

studies also suggested that the promotion of neurite

outgrowth by optic tectal extract(OTE) may be mediated by
glial produced growth factors that are stimulated by OTE.
These studies also showed that laminin and polylysine were
more effective in neuritogenesis than collagen.

In another valuable study by Bandtlow et al.(14),
interactions of growth cones of newborn rat dorsal root

ganglion cells with dissociated young rat CNS glial cells
were examined in vitro. The observations showed that the

growth cones maintained their normal growth rate and
configuration when in contact with astrocytes. They grew

along or on top of astrocytes but when these growth cones
came in contact with oligodendrocytes, a fast and long

lasting arrest of motility was resulted. This arrest often
led to the collapse of the growth cone structure. This
contact inhibition was seen with differentiated

oligodendrocytes. The authors suggest the involvement of an
intracellular signal transferred from the filopodial tips to

the body of the growth cone, the site for motility and
adhesion.

All the studies that were reviewed conclude that glial

cells have a major role in the survival and regeneration of
neurons of CNS, retinal neurons in particular. What is not
known is the form of the interaction between the glial cells

and the CNS neurons. I hypothesize that retinal neurons from
chick embryo will survive and extend neurites on top of

aggregates of Miiller glial cells and their ECM ("glial
islands"). Initial observations of 5 DIV cultures of chick

embryo retinal cells plated on non-treated or collagentreated tissue culture dishes demonstrate that the retinal

neurons grow extensions only on top of aggregates of cells
that may be glial.

METHODS AND MATERIALS

MATERIALS

Fertile White Leghorn Chicken eggs were obtained from

Hy-Line Hatcheries in Lakeview,CA. Minimum Essential

Medium(MEM) was obtained from GIBCO BRL,Gaithersburg,MD.
Fluorescein Isothiocyanate(FITC)-conjugated rabbit anti-goat
IgG, Tetramethylrhodamine Isothiocyanate(TRITC)-conjugated
goat anti-rabbit IgG, monoclonal mouse anti-calf collagen
IgG, monoclonal mouse anti-human laminin IgG, and polyclonal
goat anti-human fibronectin IgG antibodies, polyclonal

rabbit anti-human GFAP(glial fibrillary acidic protein) IgG,
and fetal calf serum(FCS) were purchased from SIGMA, St.

Louis,Missouri. Monoclonal RAN-2 Hybridoma was obtained from
ATCC, Rockville,Maryland. Monoclonal mouse anti-goat MAP-5

IgG, monoclonal mouse anti-goat fibronectin IgG, monoclonal
mouse anti-human vimentin IgG, monoclonal mouse anti-goat
GFAP IgG, and FITC-conjugated goat anti-mouse IgG were

obtained from Bohringer-Mannheim,Indianapolis,IN.
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EXPERIMENT DESIGN

Identification of "glial islands" and morphological

recognition of the cell;types on the "glial islands" was
done by observation of 5 DIV cultures of 8-day-old chick
embryo retinal cells plated on non-treated tissue culture
dishes using phase-contrast and scanning electron

microscopy. The following steps were taken to identify the
"glial islands", the cell types, and the components of the

glial ECM. Cell types were identified with specific
antibodies. Monoclonal mouse anti-goat MAP-5 IgG was used

to identify neurons. Polyclonal rabbit anti-human GFAP IgG,

monoclonal mouse anti-goat GFAP IgG, monoclonal mouse antihuman vimentin IgG, and monoclonal mouse anti-rat Ran-2 IgG

were used to identify glial cells. Polyclonal goat antihuman fibronectin IgG and monoclonal mouse anti-goat
fibronectin IgG were used

to identify fibroblasts. In order

to identify the components of glial ECM, monoclonal mouse

anti-calf collagen(IV) IgG, monoclonal mouse anti-human

laminin IgG, polyclonal goat anti-human fibronectin IgG and
monoclonal mouse anti-goat fibronectin IgG, were used to

identify collagen, laminin, fibronectin, and fibroblast
cells. The preference of neurons for the above substrates in
11

neural survival and neuritogenesis of the chick embryo
retinal neurons was examined by observation of the patterns
of neurite extension on substrates of laminin, collagen, or

fibronectin using phase-contrast and scanning electron

microscopy. The effectiveness of the above substrates in
neural survival and neuritogenesis of the chick embryo
retinal neurons was also examined by addition of monoclonal

mouse anti-calf collagen IgG, monoclonal mouse anti-^human
laminin IgG, polyclonal goat anti-human fibronectin IgG and
monoclonal mouse anti-goat fibronectin IgG to day one
cultures of chick embryo retinal cells plated on non-treated
tissue culture dishes and observation of the pattern of

neuritogenesis on day 5 using phase-contrast microscopy.
Inhibition of neural attachment and neuritogenesis as a
result of the application of the above antibodies would
indicate the effectiveness of these substrates in neural

attachment and neuritogenesis.

12

METHODS

Cultures

Eyes of eight day old chick embryos were dissected and
the neural retina was removed and placed in 4.75 ml of

calcium/magnesium free Tyrode's salt solution in a 30 ml
flask. 0.25 ml of 1% trypsin was added to the retinal cells

and the mixture was incubated for 15 minutes at 37°C in 5%

CO2. The mixture was then transferred to a sterile test tube
and 5 ml of cold MEM+10%fetal calf serum(FCS) was added and

then centrifuged at 1000 rpm for 5 minutes. The supernatant

was discarded and the pellet of cells was resuspended in 10
ml of MEM+10%FCS and was triturated 10-15 times. After cell

viability and density were checked with trypan blue, 1 X 10®
retinal cells were plated on 35 mm plastic culture dishes.

Culturing retinal cells on specific substrates

The growth pattern of the retinal neurons on specific
substrates such as laminin, polylysine(synthetic),and

collagen(salt-precipitated) was examined by plating the
retinal cells on 35 mm culture dishes coated with the above

substrates. Retinal cells were also plated on uncoated

dishes for formation of "glial islands". A total of six, 35
13

mm culture dishes were coated with 1 ml polylysine(100|Ug/ml)
for one hour. The excess Polylysine was then removed from
three of the dishes. These dishes were then coated with 0.6

ml of laminin(20jug/ml) and were left at room temperature(RT)
overnight. The remaining three dishes coated with polylysine
were left overnight at RT. Another set of three dishes were

coated with 0.2 ml of collagen(50 mg/100 ml) and 0.04 ml of
collagen salts and left at RT overnight. An additional 6

uncoated dishes were prepared. The next day, the excess
substrate was removed from the dishes. Then 1 ml of MEM was

added to each dish to wash off remaining excess substrate

and then it was removed. In each 35 mm culture dish, 1 X 10®
dissociated retinal cells were plated. MEM+10%FCS was added
to make a total of 1.5 ml of MEM+10%FCS+ cells in each dish.

The dishes were then incubated at 37°C and 5% CO2 and were
checked at day 5 and 7 for neural cell growth pattern.

Phase-contrast microscopy
The growth pattern of the 8-day-old chick embryo
retinal neurons on each substrate was examined with a Nikon

Diaphot inverted phase-contrast microscope at 200X

14

magnification. Photomicrographs were taken on Kodak T-MAX
film.

The growth pattern of the 8 day old chick embryo
retinal neurons on the above substrates with the addition of

80 fjil of monoclonal mouse anti-calf collagen(IV) IgG,
monoclonal mouse anti-human laminin IgG, polyclonal goat

anti-human fibronectin IgG and monoclonal mouse anti-goat

fibronectin IgG to the appropriate dishes on day one of the
culture were also examined on day five under a Nikon Diaphot

inverted phase-contrast microscope at 200X magnification.
Photomicrographs were taken.

Scanning electron microscopy
Fixation. Retinal neurons in 35 mm culture dishes were

gently rinsed with PBS (phosphate buffered saline) and then
1 ml of 2% formaldehyde/ 4% gluteraldehyde in PBS was added
to them. They were left in the refrigerator for one hour.

They were then washed 3X with PBS. Each dish was then fixed
with 1ml of 1% osmium for one hour and then rinsed with
distilled water.

Dehydration. The 35 mm dishes containing the retinal
neurons were broken into 1 mm pieces and dehydrated by
15

serial dehydration in increasing dilutions of ethanol(25%,
50%, 70%, 80%, 95%, and 100% twice). Then the small pieces

of the specimen were dried by critical point drying.
Coating and mounting. The dried pieces of culture
dishes were mounted on stubs using double-stick carbon tabs
and immediately transferred into the sputter coater to coat

with gold /palladium. The gold coated pieces of tissue
culture were then viewed with a Hitachi S-2700 SEM.

Accelerating voltage was 15 kv, working distance was set at
12 mm, and the beam currents were set at 14 and 10.

Neural cell typing/Immunochemistry
Optimal antibody dilutions for the identification of
neurons, fibroblast cells, glial cells, laminin. collagen,

and fibronedtin On the "gliai islands"
The first step in neural cell typing by

immmunochemistry was to determine the best dilutions for the
primary(monoclonal mouse anti-goat MAP-5 IgG, polyclonal
rabbit anti-human GFAP IgG, monoclonal mouse anti-goat GFAP
IgG, monoclonal mouse anti-human vimentin IgG, and mouse
anti-rat Ran-2 IgG, polyclonal goat anti-human fibronectin

IgG and monoclonal mouse anti-goat fibronectin IgG,
■ ■
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monoclonal mouse anti-calf collagen(IV) IgG, and monoclonal

mouse anti-human laminin IgG) and the secondary antibodies
such as tetramethyl rhodamine isothiocynate(TRITC)
conjugated goat anti-rabbit IgG or Fluorescene

isothiocynate(FITC)-conjugated goat anti-mouse igG and FITC-

conjugated rabbit anti-goat IgG. In these experiments, 5 DIV

cultures of retinal cells were gently washed with PBS and
then fixed with 2% formaldehyde. They were incubated at RT
for 25 minutes and then rinsed with PBS 3 X. The

determination of the optimal dilution for TRITC-conjugated

goat anti-rabbit IgG was a two step process. The first step

was to find dilutions that gave decreased background with
increased sensetivity. The second step was to use the chosen
dilutions from the first step in combination with primary

antibodies and pick the most prominent staining. To find
dilutions that gave the least non-specific binding, eight
dilutions of 1:10, 1:20, 1:30, 1:40, 1:50, 1:100, 1:1000,

and 1:10,000 of TRITC-conjugated goat anti-rabbit IgG were

tested. Fourty ptl of each dilution was applied to separate
cultures of 5 DIV old chick embryo retinal cells cultured on
untreated 35 mm tissue culture dishes. No primary antibody
was used. After 60 minutes culture dishes were washed 3 X, 3

17

minutes per wash> in PBS containing 0.1%(w/v)BSA. These
cultures were then examined with a Nikon Diaphot fluorescent

microscope for non-specific binding. Two dilutions of 1:50
and 1:100 were used in the second step to determine the

optimal dilution for TRITC-conjugated goat anti-rabbit IgG,
40 /il(1:100) of polyclonal rabbit anti-human GFAP IgG

was

applied to separate 35 mm untreated tissue culture dishes
containing 5 DIV chick embryo retinal cells. After 30
minutes, culture dishes were washed 3 X, 3 minutes per wash,

in PBS containing 0.1%(w/y)BSA. Fourty^/^^^ o£ TRITe
conjugated goat anti-rabbit IgG(1:50 or 1:100) was added to
each dish. The dishes were kept in dark at RT for 60
minutes. After the incubation the dishes were washed 3 X, 3

minutes per dish, in PBS and were examined under the

fluorescent microscope. To determine the optimal dilutions
for FITC-conjugated goat anti-mouse IgG and FITC-conjugated
rabbit anti-goat IgG, a two step procedure was also
executed. The first step was to find dilutions that gave the

least non-specific bindings. Next the chosen dilutions from
the first step were used in combination with primary

antibodies to pick the the most prominent staining. To find
dilutions that gave the least non-specific bindings eight

dilutions of; 1:10, 1:20, 1:30, 1:40, 1:50, 1:106, 1:1000,

dnd 1:10,000 of FITC-conjugated IgG were tested. FOurtY jul
of each dilution was applied to separate cultures of 5 DIV

old chick embryo retinal dells cultured on untreat
tissue culture dishes. No primary antibody was used. After
30 minutes culture dishes were washed 3 X, 3 minutes per .

wash in PBS. These eultures were then examined with a Nikon.

Diaphot fluorescent microscope for non-specific binding. Two
dilutions of 1:50 and 1:100 were used in the second step to

determine an optimal dilution for FITC-conjugated IgG.
Fourty 111 of primary antibodies such as monoclonal mouse
anti-goat MAP-5 IgG(1:200), monoclonal mouse anti-goat GFAP
IgG(1:100), monoclonal mouse anti-human vimentin IgG(1:50),
and mouse anti-rat Ran-2 IgG(3 fold concentrated),

polyclonal goat anti-human fibronectin IgG(1:50) and
monoclonal mouse anti-goat fibronectin IgG(1:50), monoclonal
mouse anti-calf collagen(IV) IgG(1:50), and monoclonal

mouse anti-human laminin IgG(1:50), was applied to separate

35 mm untreated tissue culture dishes containing 5 DIV chick

embryo retinal cells. After 30 minutes, culture dishes were
washed 3 X, 3 minutes per wash, in PBS containing

0.1%(w/v)BSA. Fourty jUl of FITC-conjugated goat anti-mouse

IgG(1:50 or 1:100) was added to each dish. The dishes were
kept in the dark at RT for 30 minutes. After the incubation
the dishes were washed 3 X, 3 minutes per dish, in PBS and

were examined under a fluorescent microscope. The dilution

that gave

the most specific staining was chosen. The above

two step procedure was repeated with FITC-conjugated rabbit
anti-goat IgG (polyclonal goat anti-human fibronectin
IgG(1:50) was used for primary antibody). For the correct
dilution of monoclonal mouse anti-goat MAP-5 IgG, five ,,
dilutions of 1:100, 1:200, 1:300, 1:400, and 1:500 were

examined. FITC-conjugated goat anti-mouse IgG (1:50
dilution) was the secondary antibody. Fourty /xl of each of
the dilutions were applied to separate 35 mm untreated
tissue culture dishes containing 5 DIV chick embryo retinal
cells. After 30 minutes, culture dishes were washed 3 X, 3

minutes per wash in PBS containing 0.1%(w/v)BSA. Fourty /xl
of FITC-conjugated goat anti-mouse IgG(1:50) was added to
each dish. The dishes were kept in the dark at RT for 30
minutes. After the incubation the dishes were washed 3 X, 3

minutes per wash, in PBS and were examined under fluorescent
microscope. The dilution that stained the neurons most

prominently was chosen. To determine the optimal dilutions

for monoclonal mouse anti-human laminin IgG, monoclonal

mouse anti-calf collagen(IV) IgG, polyclonal goat anti-human

fibronectin IgG, and monoclonal mouse anti-goat fibronectin

IgG, five dilutions of 1:20, 1:30, 1:40, 1:50, and 1:100
were tested. Fourty [xl of each of the above antibodies was

applied to separate 5 DIV cultures of chick embryo retinal
cells in 35 mm dishes. The dishes were then incubated at RT
for 30 minutes. After the incubation each of the culture

dishes were washed with PBS 3 X, 3 minutes per dish. Fourty

fil Of FITC-conjugated goat anti-mouse IgG(1:50 dilution) was
applied to dishes with monoclonal mouse anti-human laminin
IgG, monoclonal mouse anti-calf collagen(IV) IgG, and
monoclonal mouse anti-goat fibronectin IgG primary

antibodies. Fourty fxl of FITC-conjugated rabbit anti-goat
IgG(1:50) was applied to dishes with polyclonal goat antihuman fibronectin IgG. The dilution that gave the most

specifict staining was chosen. For the correct dilution of
polyclonal rabbit anti-human GFAP IgG, three dilutions of
1:50, 1:100, and 1:200, were examined. TRITC-conjugated goat

anti-rabbit IgG(1:50 dilution) was the secondary antibody.

Fourty jU.1 of each of the dilutions were applied to separate
35 mm untreated tissue culture dishes containing 5 DIV chick
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embryo retinal cells. After 30 minutes, culture dishes were
washed 3 X, 3 minutes per wash, in PBS containing

0.1%(w/v)BSA. Fourty ju.1 of TRITC-conjugated goat anti-rabbit
IgG(l:50) was added to each dish. The dishes were kept in
dark at RT for 60 minutes. After the incubation the dishes

were washed 3 X, 3 minutes per dish, in PBS and were
examined under the fluorescent microscope. For the correct

dilution for monoclonal mouse anti-goat GFAP IgG, three
dilutions of 1:50, 1:100, and 1:200, were examined.

FITC-conjugated goat anti-mouse IgG(1:50 dilution) was the
secondary antibody. Fourty /il of each of the dilutions were

applied to separate 35 mm untreated tissue culture dishes
containing 5 DIV chick embryo retinal cells. After 30
minutes, culture dishes were washed in PBS containing
0.1%(w/v)BSA, 3 X, 3 minutes per wash. Fourty [xl of

FITC-conjugated goat anti-mouse IgG(1:50 dilution) was

applied to each dish. The dishes were kept in dark at RT for
30 minutes. After the incubation the dishes were washed 3 X,

3 minutes per dish in PBS and were examined under the
fluorescent microscope. To determine the optimal dilutions
for monoclonal mouse anti-human vimentin IgG, five dilutions

of 1:20, 1:30, 1:40, 1:50, and 1:100 were tested. Fourty /xl
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of each dilution was applied to separate 5 DIV cultures of

chick embryo retinal cells in 35 mm dishes. The dishes were
then incubated in RT for 30 minutes. After the incubation

each of the culture dishes were washed with PBS 3 X, 3

minutes per dish. Fourty jU.1 Of FITC-conjugated goat

anti-mouse IgG(l:50 dilution) was applied to each dish. The
most prominent staining was chosen.

Identification of neurons. fibroblast cells, glial cells,

laminin. collagen, and fibronectin on the

"glial islands"

Tables 1, 2, and 3 summarize the methods that were

used to identify neurons, glial cells, and components of
ECM such as laminin, collagen, and fibronectin on the
"glial islands".
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Primary ab

Labeling

Labeling

neurons

laminin

Labeling
collagen

mouse anti-

mouse anti-

mouse

goat MAP-5

human

anti-calf

IgG

laminin IgG

collagen
IgG

;

1:50

Dilution

1:200

1:50

Amount

40 [jlI

40 1x1

40 1x1

30 min

30 min

30 min

applied
Time
incubated

Secondary ab

FITC

FITC

FITC-

conjugated
goat anti-

conjugated
goat anti-

conjugated
goat anti-

mouse IgG

mouse IgG

mouse IgG

Dilution

1:50

1:50

1:50

Amount

40 1x1

40 1x1

40 jxl

30 min

30 min

30 min

applied
Time
incubated

Table 1. identifiGation of neufons, laminin, and collagen
on the "glial islands".

Monbclorial antibodies were applied to separate primary
dissociated cultures of 8 day chick embryo retinal
cells at 5 DIV on 35 mm untreated tissue culture dishes.
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,

Labeling glial cells
Primary
ab

Polyclonal

Monoclonal

Monoclonal

Monoclona

rabbit

mouse

mouse

1 mouse

anti-

anti-goat
GFAP IgG

anti-human

anti-rat

vimentin

Ran-2(Rat

human GFAP

IgG

IgG

neural

antigen
2) IgG
Dilution

1:100

1:100

1:50

3 fold
concentre

-tion
Amount

40 /xl

40 /xl

40 111

40 [il

30 min

30 min

30

30

min

min

applied
Time

incubated

Secondary

TRITC

FITC

FITC

FITC-

ab

conjugated
goat antirabbit IgG

conjugated
goat anti-

conjugated
goat anti-

conjugate
d goat

mouse IgG

mouse IgG

anti-

mouse IgG
Dilution

1:50

1:50

1:50

1:50

Amount

40 [jlI

40 111

40 jil

40 yxl

Time

60

30

30

30

incubated

min

min

min

min

applied

Table 2. Identification of glial cells on the "glial
islands".

Antibodies were applied to separate primary dissociated
cultures of 8 day chick embryo retinal cells at 5, 8, 15,
and 28 DIV on 35 mm untreated tissue culture dishes.
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Primary ab

Labeling

Labeling

fibronectin

fibronectin

Polyclonal
goat anti-

Monoclonal mouse

anti-goat
fibronectin IgG

human

fibronectin

IgG
Dilution

1:50

1:50

Amount

40 Jll

40 jUl

30 min

30 min

Secondary

FITC

ab

conjugated :

FITC-conjugated
goat anti-mouse

rabbit anti- '

IgG

applied
Time
incubated

■

goat IgG
Dilution

1:50 ■

1:50

Amount

40 /xl

40 1x1

60 min

30 min

;

applied
Time
incubated

Table 3. Identification of Fibronectin in ECM of the

"glial islands" and fibroblasts on the "glial islands".
Antibodies were applied to separate primary dissociated
cultures of 8 day chick embryo retinal cells at 5 DIV
on 35 mm untreated tissue culture dishes.
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Double staining for the identification of neurons and glial
cells on the "glial islands"

Fourty jtxl of monoclonal anti-MAP-5 mouse anti-goat IgG
(1:200 dilution) and 40 jxl of polyclonal anti-GFAP rabbit
anti-human IgG (1:100) were applied to separate 5 DIV
cultures of chick embryo retinal cells cultured on untreated
35 mm tissue culture dishes. The dishes were incubated at RT

for 30 minutes. After the incubation the dishes were washed

3 X with PBS, 3 minutes per wash. Fourty /jlI of FITC-

conjugated goat anti-mouse IgG (1:50) and 40 jxl of TRITCconjugated goat anti-rabbit IgG (1:50) were applied to each
dish. The dishes were covered and incubated at RT in dark
for 60 minutes. After incubation the dishes were washed 3 X

with PBS, 3 minutes per wash. They were then examined under
a fluorescent microscope.
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RESULTS

Growth pattern ; 

The growth pattern of 8-day-old chick embryo retinal
neurons on untreated 35 ram tissue culture dishes and on

three substrates; L-polylysine, salt-precipitated
collagen, and larainin can be seen in Figure

2(phase/contrast and SEM). On untreated dishes, neurons
survived and extended neurites only on aggregates of

Muller glial c^^

islands)(Figure 2A,2B,2C,2D,2E,

and 2F). These aggregates of glial cells with their ECM
form cobweblike sheaths("glial islands") on the untreated
tissue culture dishes. Figures 2A and 2C show the "glial

islands" by phase/contrast microscopy in 5 DIV cultures of
8 day old chick embryo retinal cells

plated on untreated

35 mm tissue culture dishes. Figures 2B and 2D are
observations in the SEM. Figures 2E and 2F show the actual

preference of the neurites to stay on the "glial islands"
by bending. On polylysine substrate,neurons aggregated
together in groups,connected by their extensions(Figure

3). Figure 3A shows the pattern of neurite extention on
the polylysine substrate in 5 DIV cultures of 8-day-old
chick embryo retinal cells plated on 35 mm tissue culture
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dishes. Figure 3B shows the image in SEM. On laminin,

neurons grew extensions over the entire substrate(Figure

4). Figure 4A shows the pattern of

neurite extention on

the laminin substrate in 5 DIV cultures of 8 day old chick

embryo retinal cells plated on 35mm tissue culture dishes.
Figure 3B is a micrograph from the SEM. On salt-

precipitated collagen, neurons survived and grew

extensions only on underlying Miiller glia("glial
islands")(Figure 5). This pattern was similar to the
neurite growth pattern on the untreated tissue culture

dishes. Figure 5A and 50 (phase/contrast) show the
preference of the neurites to extend on the "glial
islands" and not on the collagen substrate. Figures 5B and
5D are SEM micrographs and reflect the same pattern.

When antibodies to collagen, laminin,and fibronectin
were added to cultures of chick embryo retinal

cells(plated on untreated tissue culture dishes) on day
one, the following results were obtained on day 5.

Antibodies to collagen prohibited neuritogenesis and
neurons seem to be clumped together(Figure 6A). The same
results were obtained when cultures were treated with

laminin antibodies(Figure 6B). Polyclonal fibronectin
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antibodies did not inhibit normal neuronal distribution

and neuritogenesis on day 5(Figure 6D). Figure 6D shows
the survival of neurons and neurite extentions on "glial

islands". However, when monoclonal fibronectin antibodies

were added to cultures of chick embryo retinal

cells(plated on untreated tissue culture dishes) on day 1,
neuritogenesis was inhibited and neurons seem to be
clumped together(Figure 6C) by day 5.

Optimal antibody dilutions for the identification of
neurons, fibroblast cells, glial cells. laminin,

collagen, and fibronectin on the "glial islands".

The optimal dilutions for the secondary antibodies
TRITC-conjugated goat anti-rabbit IgG , FITC-conjugated

goat anti-mouse IgG and FITC-conjugated rabbit anti-goat

IgG were all 1:50. The optimal dilution for the primary

antibody polycional rabbit anti-human GFAP IgG was 1:100.
The best dilution for monoclonal mouse anti-goat GFAP IgG

was 1:100. The optimal dilution for monoclonal mouse antihuman vimentin IgG was 1:50. The optimal dilution for
monoclonal mouse anti-goat MAP-5 IgG was 1:200. The
dilution for monoclonal mouse anti-human laminin IgG,
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monoclonal mouse anti-calf collagen IgG , polyclonal goat
anti-human fibronectin IgG , and monoclbnal mouse antigoat fibronectin IgG were all 1:50.

Identification of cell types and components of the EGM / 

Anti-MAP-S antibody stained neuron cell bodies and; ;
their ejctensioRS specifically(Figure 7).; ;Fig;u^^^^ 7A,7C, and
7E show the specific staining of the neurons by indirect

immunofluorescence with anti-MAP-5 antibody. It is

important to note that the underlying glial cells were not
stained. Figures 7B, 7D, and 7F are phase-contrast
photomicrographs and show the underlying "glial islands"

,

which were not stained by anti-MAP-5 antibody. Anti-GFAP

IgG( mono and polyclonal) did not specifically stain the
presumed retinal glial cells. They gave a non-specific
background staining(not shown). Double staining of the
cultures with anti-MAP-5 and anti-GFAP antibodies gave only
the specific staining of the neurons and their extentions

but no staining of the glial cells(not shown). Anti-Ran-2

antibody(all three concentrations) gave no specific
staining of retinal glial cells(not shown). Anti-Vimentin

antibody gave specific staining of twenty eight day old
. . . ... 31

.

cultures of the 8-day-old chick embryo retinal glial

cells(Figure 8). Figure 8A and 8C show bright and specific
staining of the underlying glial cells of the "glial

islands". Individual glial cells(also shown in 8B and 8D in

phase-cchtrast) were specificaly stained. Anti-iaminin lgGr
gave a smooth staining of the whole '^glial island''(Figure
9). Anti-laminin IgG

did not stain neurons or the

neurites,only the underlying "glial island". Polyclonal

anti-fibronectin IgG gave specific staining of neurons and
their extensions(Figure 10) but no underlying cells on the
"glial islands" were stained. Monoclonal anti-fibronectin
IgG or anti-collagen IgG did not give any specific staining

of neurons or glia or any other cell types on the "glial
islands".
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Figure 1. The structure of retina and its synaptic
organization in schematic representation. Note the five
major classes of neurons; receptor cells, bipolar cells,

horizontal cells, amacrine cells, and ganglion cells. The
cell bodies of these five classes of neurons are found in

three layers: 1) the outer nuclear layer(receptor cells),
2) the inner nuclear layer(bipolar, horizontal and
amacrine), and 3) the ganglion cell layer(ganglion). The
processes of these five classes of neurons interact in two
distinct synaptic layers: The outer plexiform
layer(receptors, bipolar and horizontal), and the inner
plexiform layer(bipolar, amacrine, and ganglion cells).
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Figure 2. The growth pattern of primary dissociated culture
of 8 day chick embryo retinal neurons at 5 DIV on 35 mm
untreated tissue culture dishes. Neurons survived and

extended neurites only on aggregates of Miiller glial
cells("glial islands"). (A&C) Phase-contrast.X200. (B&D)

SEM.(X500 and X150). Note that neurites bend to stay on the
"glial island" rather than grow out on the plastic

surface(arrow). (E) phase-contrast microscopy.(X200). (F)
SEM.(XIOOO).
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Figure 3. The growth pattern of primary dissociated culture
of 8-day-old chick embryo retinal neurons at 5 DIV on 35 mm
tissue culture dishes coated with polylysine substrate.

Neurons mainly aggregated together in groups. Neurites
extended between the groups of neurons.(A) phase-contrast
microscopy. (X200).(B) SEM. (X500).
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Figure 4. The growth pattern of primary dissociated culture
of 8-day-old chick embryo retinal neurons at 5 DIV on 35 mm
tissue culture dishes coated with laminin substrate.

Neurons were spread over the entire substrate. Neurites
extended widely over the laminin coating.(A) phase-contrast
microscopy. (X200).(B) SEM. (X500).
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Figure 5. The growth pattern of primary dissociated culture
of 8-day-old chick embryo retinal neurons at 5 DIV on 35 mm
tissue culture dishes coated with salt-precipitated

collagen substrate. Neurons survived and grew extentions

only on underlying Miiller glia("glial islands"). (A&C)
Phase-contrast microscopy. (X200).(B) SEM. (X500). (D) SEM.
(X150).
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Figure 6. The growth pattern of primary dissociated culture
of 8-day-old chick embryo retinal neurons at 5 DIV on 35 mm
untreated tissue culture dishes with the addition of anti

laminin, anti-collagen, and anti-fibronectin antibodies. At
5 DIV, neurons seem to be clumped together and

neuritogenesis was prohibited when antibodies to

collagen(A), laminin(B) and monoclonal antibodies to
fibronectin(C) were added(at 1 DIV) to primary dissociated
culture of 8 day chick embryo retinal cells

on 35 mm

untreated tissue culture dishes. Polyclonal anti

fibronectin antibodies did not stop the normal neuronal
distribution and neuritogeneses(D). Note that neurons
survived and extended neurites on the "glial

islands"(arrows). Phase-contrast microscopy. (X200).
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Figure 7. Identification of chick embryo retinal neurons on
the "glial islands". Primary dissociated culture of 8 day
chick embryo retinal cells at 5 DIV on untreated 35 mm
tissue culture dishes, were stained by indirect
immunofluorescence with anti-MAP-5 antibodies. Note the

prominent staining of neuron cell bodies(arrows) and
extentions(arrow heads)(A,C,E) Fluorescence microscopy.

(X200). (B,D,F) Phase-contrast microscopy. (X200).
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Figure 8. Identification of chick embryo retinal Miiller
glial cells on the "glial islands". Primary dissociated
culture of 8 day chick embryo retinal cells at 28 DIV on
untreated 35 mm tissue culture dishes stained by anti

vimentin IgG gave specific staining of Miiller glial cells.
Figures 8A and 8C show bright staining of the underlying

glial cells of the "glial islands". Note that individual
glial cells(also shown in 8B and 8D in phase-contrast) are
specificaly stained. (A&C) Indirect immunofluorescence with
anti-vimentin antibodies.(X400). (B&D) Phase-contrast

microscopy. (X400).
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Figure 9. Identification of laminin on the "glial islands".

Primary dissociated culture of 8-day chick embryo retinal
cells at 5 DIV on untreated 35 mm tissue culture dishes,

were stained by indirect immunofluorescence with anti

laminin antibodies. Note the smooth staining of the "glial
islands'', indicating that laminin is a major component of
the ECM of the Miiller glia. (A) Indirect immunofluorescence
with anti-laminin antibodies. (X200). (B) Phase-contrast

microscopy. (X200).
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Figure 10. Identification of fibronectin and fibroblast
cells on the "glial islands". Primary dissociated culture

of 8 day chick embryo retinal cells at 5 DIV on untreated
35 mm tissue culture dishes, were stained by indirect

immunofluorescence with polyclonal anti-fibronectin
antibodies. Note that polyclonal anti-fibronectin

gave

specific staining of neurons and their extensions. (A)
Indirect immunofluorescence with anti-fibronectin

antibodies.(X400). (B) Phase-contrast microscopy. (X400).
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DISCUSSION

The results from this study suggest that Miiller glial
cells of the"glial islands"(the flat shaped, background
cells from 28-day-old cultures of chick embryo retinal
cells) are the underlying cells of the "glial islands"

which support the neuronal survival and neurite extension
of the chick embryo retinal cells. Within the CNS vimentin

is a specific intermediate filament(IF) protein subunit(7
ITnm, 57KD) that along with another IF, glial fibrillary

acidic protein(GFAP) subunit makes up the glial
filaments(15)(16)(17). The expression of vimentin has been
detected in situ as well as in vitro in glial

cells(16)(17). Vimentin is expressed in glial filaments
well before the onset of GFAP(17). Although some studies
have shown that vimentin is expressed early in

embryogenesis,the time of its first appearance is not
known(17)(18)(19). In a study by W. Franke et al, vimentin

was detected as early as embryonic days 7- 11 in mouse
neuroectoderm(17). In my study when anti-vimentin antibody

was applied to cultures of 8-day chick embryo retinal cells
at day 5, 8, 15,and 28 in culture, no staining of vimentin
IF was observed in 5 and 8 day old cultures. By day 15,
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neurons had started to degenerate and Miiller glia had taken
over most of the culture. When anti-vimentin antibodies

were applied to the 15-day-old cultures no staining
resulted. Twenty-eight-day old cultures of 8 day chick

embryo retinal cells had lost almost all neurons, leaving
underlying Miiller glial cells in the cultures. These cells
responded to anti-vimentin antibodies with a bright and
prominent staining(Figure 8).
Anti-GFAP antibodies did not stain the Miiller glial

cells of the "glial islands". When anti-GFAP antibodies

were applied to 5d, Bd, 15d, and 28 day old cultures of
chick embryo retinal cells, no staining resulted. Perhaps

the filaments in chick embryo Miiller glia similar to
newborn rat retinal Miiller glia, could be basically of the

vimentin type and therefore could not bind to anti-GFAP
antibodies. Another possibility could be that immature
Miiller glia of the chick embryo retinal cells in culture

may not express GFAP until maturation. A third possibility
could be that anti-GFAP IgG used in this study was not
cross-reactive with chick embryo cells. ,

Anti-rat neural antigen-2(Ran-2) antibodies have also

been used in staining neonatal rat retina Miiller cells in
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several studies(8)(20). With this knowledge in mind, I
utilized three different concentrations of anti-Ran-2

antibodies to stain Miiller glia of 5day, Bday, ISday, and
28-day-old cultures of chick embryo retinal cells. The
chick embryo retinal cells were not stained. The reason

could be that Ran-2 antigen may be a species specific
antigen and does not exist in chick embryo. Another
explanation may be related to the concentration of the
anti-Ran-2 antibody. Perhaps a higher concentration of
anti-Ran-2 antibody was needed.

The results of this study show that Miiller glia(the
underlying cells of the "glial islands") have a deciding

role in the survival and neuritogenesis of the retinal
neurons of the chick embryo. As Figure 2 shows, chick embryo

retinal neurons survived and grew extensions only when
attached to the underlying Miiller glia on the "glial
islands"(on nontreated tissue culture dishes). In fact

neurites bent to stay on the "glial islands" rather than
grow out on the plastic surface(Figures 2C and 2D). Other
studies have shown similar results. Raju and Bennett showed

that the survival and neuritogenesis of neonatal rat retinal
neurons also depended on Miiller glia at the initial stages
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of development(8). In another study, Bovblenta andMasoh
showed that the rat retinal ganglion cell axbns of the optic

nerve, have intimate corineictions with glial cells which
promoted growth cone formation(9).
This study has shown that Miiller glia offers favorable
conditions for the survival and neuritogenesis of the chick

embryo retinal neurons. These favorable conditions could be
due to the release of trophic factors by Miiller glia or due
to the ECM of Miiller cells.

In identifying the components of the EMC of the chick
embryo retinal Miiller glia, this study identified laminin as
a major component of the "glial islands". The fluorescent

staining of the "glial islands" with the anti-laminin
antibodies gave a prominent and specific staining(Figure 9).
Conversely, no staining resulted when collagen or monoclonal
fibronectin antibodies were applied to the "glial islands".

Polyclonal anti-fibronectin antibodies gave a specific
staining of neurons and neurites on the "glial islands". Yet
the underlying cells were not stained. This indicates that
the underlying cells of the "glial islands" were not
fibroblasts.
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Since anti-laminin antibodies stained the "glial
islands", and since the presence of these antibodies
stopped

neurite extension of the chick embryo

retinal neurons(Figure 6fe), and since the chick embryo
retinal neurons survived and extended neurites(extensively)

on laminin substrate(Figures 4), then laminin is an

,

effective component of the chick embryo retinal Mullerglia
ECM. : ,

other studies have also shown that laminin is a major
promotor of neuritogenesis in early development. Cohen et
al have shown that chick embryo retinal ganglion cells
extend numerous neurites on laminin early in

development(21)(22). Thompson et al also reported laminin
to be an effective substrate in neurite initiation of chick

embryo retinal and spinal cord

neurons in early

development(13).

In this study collagen was not detected on the "glial
islands". In addition, the pattern of neurite outgrowth

When plated on collagen substrate showed that chick erabryq
retinal neurons prefer to grow on "glial islands" than on
collagen substrate(Figures 5). However, when anti-collagen
antibodies were added to day one cultures of chick embryo

retinal cells that had been plated on untreated tissue

culture dishes, neuritogenesis was prohibited(Figure 6A).
The above results reflect an unclear role for collagen as a

component of chick embryo retinal Miiller glia ECM and as an
effective promoter of neuritogenesis. Similar to collagen,
fibronectin was not detected on the"glial islands". While

polyclonal anti-fibronectin goat anti-human IgG added to
day one culture of chick embryo retinal cells did not
prohibit neuritogenesis(Figure 6D), monoclonal anti
fibronectin mouse anti-goat IgG prohibited

neuritogenesis(Figure GC). This evidence suggests
incertainty in the role of fibronectin in neuritogenesis in
chick embryo retinal neurons.
Laminin was identified as a major component of ECM of
the chick embryo retinal Miiller glia and has demonstrated
the neurite-promoting role of laminin. Although the roles

of collagen and fibronectin in neuritogenesis of chick
embryo retinal neurons were not as clear as the case of

laminin, any conclusion in superiority of laminin could be
premature.

Priviously, glial cells were considered as just the
glue that held neurons together. Today glial cells and
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their assembled extracellular matrix are intensively

studied for their supportive role in survival and
neuritogenesis of neurons. Some recent studies have even
examined the notion that glia could be involved in

information processing within the

brain(23)(24)(25).

Although several studies have successfully
demonstrated the effectiveness of the Schwann cells in the

neuritogenesis of CNS neurons, the glia of CNS and its ECM

and their effectiveness in neuritogenesis of CNS neurons
are still major topic of study. This study has shown that

retinal neurons Of chick embryo regenerate neurites on the

aggregates of Muller glia and its ECM(glial islands). In

identifying the components of the ECM of the chick embryo
Muller glia, laminin was a major contributor to

neuritogenesis. Further studies are needed to specify the
roles of collagen and fibronectin as ECM components and
their influence on neuritogenesis of the chick embryo
retinal neurons.
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